INTRODUCTION
============

Prostate cancer (PC) is the most common neoplasia in European men, representing 11.9% of all cancer cases and 9% of deaths for cancer^([@B01])^. In 2012, the estimated incidence in Portugal was 95.1 per 100,000 inhabitants, with mortality of 19 per 100,000 inhabitants^([@B01])^. In Brazil, skin cancer excepted, PC is also the most commonly diagnosed cancer in men in all regions of the country. It is estimated that the number of new cases in 2014 is 68,800, corresponding to an estimated risk of 70.42 new cases per 100,000 men^([@B02])^.

Both the incidence and mortality of PC have increased, even in countries where this disease is not common^([@B03])^, so its management is currently considered to be one of the greatest medical challenges. In Brazil, the increased life expectancy, improvements and developments in diagnostic methods and in the quality of information systems, as well as the occurrence of overdiagnosis as a function of PC screening with prostate-specific antigen (PSA) test and digital rectal examination may explain the increase in the PC incidence rates (observed through the analysis of historical population-based cancer records series) over the years^([@B02])^.

Currently, there is no evidence for the implementation of a general population screening program for early detection of PC^([@B04])^. Prostate biopsy is indicated in cases of suspicion raised from digital rectal examination and/or increased PSA levels^([@B05],[@B06])^. Also, it is extremely important to consider the patient\'s age, potential comorbidities and therapeutic consequences^([@B05])^. An increased PSA value found for the first time should not lead immediately to biopsy, and rather PSA testing should be repeated after some weeks under the same standardized conditions, except for cases of PSA values \> 20 ng/ml where the diagnosis of prostatitis is ruled out. Even in cases where such principles are respected, the rate of negative biopsies is extremely high^([@B05])^. Such aspects negatively affect the patients\' quality of life^([@B07])^.

Transrectal or transperineal US-guided prostate biopsy is the gold standard method to collect material for histopathological analysis^([@B05],[@B08],[@B09])^. Although the transrectal approach is most commonly adopted, the transperineal approach yields comparable cancer detection rates^([@B08],[@B09])^ and may be important in some particular cases, for example, following rectal amputation. Core biopsy should be performed with a 18G needle^([@B05])^. The sample sites should be as far posterior and lateral as possible in the peripheral gland^([@B05])^. Even though studies suggest that there is not any evaluable difference between biopsies with 6 and 12 samples^([@B10])^, sextant biopsy is not currently considered to be appropriate^([@B05])^. For a gland volume of 30-40 mL a minimum of eight samples should be collected^([@B05])^. Currently, there is no evidence supporting a generalized collection of more than 12 specimens at a first biopsy^([@B11]-[@B13])^. Only in cases of prostates with volume \> 55 mL one has demonstrated a significant increase in the PC detection rate as 18 punctures were performed at the initial biopsy^([@B14])^. Prostate saturation biopsy consists in collecting a higher number of prostate tissue specimens, generally between 20 and 40. Although this technique, as an initial biopsy strategy, does not increase the cancer detection rate^([@B13])^, it is appropriate in cases of patients at high risk for developing prostate tumors after a negative initial biopsy^([@B15])^. Prostate saturation techniques present the disadvantage of a higher rate of complications (about 12%). Hematuria requiring hospitalization is the most common significant complcation^([@B15])^.

Traditionally, the literature underestimates the role of transrectal prostate ultrasonography in the detection of suspicious lesions^([@B16]-[@B18])^; some recent publications even indicate that ultrasonography is only useful to guide the biopsy^([@B16])^. However, the sonographic characteristics of nodules considered suspicious have been studied and defined, and hypoechogenic solid nodules located in the peripheral region have the highest predictive value for cancer^([@B17],[@B19])^. Currently, with the technological development of US apparatuses and intracavitary transducers with increasingly higher frequencies, the number of sonographically detected suspicious nodules has increased.

The present study was aimed at evaluating the role of transrectal ultrasonography in the detection of PC as well as in the guidance of prostate biopsy.

MATERIALS AND METHODS
=====================

Prospective study developed over a one-year period, including all patients undergoing urological evaluation in the author\'s institution and for whom biopsy was indicated for suspicion of cancer. Cases where previous biopsy had already revealed malignancy were excluded.

All the patients were previously given a document explaining details about the procedures, prophylactic measures and possible complications.

The patients underwent prophylactic antibiotic therapy prescribed by the urologist, in most of cases with ciprofloxacin 250 mg two times/day, initiated one day before the procedure. On the day of the biopsy in the morning, the patients underwent enema. Coagulation status was evaluated in compliance with the consensual Cardiovascular and Interventional Radiological Society of Europe guidelines^([@B20])^ for category 2 procedures (moderate bleeding risk procedure).

Previously to the biopsy and without knowing PSA levels and previous US findings, the patients underwent ultrasonography (Philips iU22^®^ apparatus and 5-9 MHz C9-5ec intracavitary transducer). Only nodules with typical characteristics (solid and hypoechogenic) were considered to be suspicious, provided there was agreement between the two observers.

The patients were given local anesthesia with 10 mL 1% lidocaine without epinephrine. The biopsy was performed with an automatic tru-cut (Bard^®^ Magnum^®^) biopsy gun with 18G needle.

In the absence of a suspicious nodule, ten specimens were collected according to the Guidelines on Prostate Cancer da European Association of Urology^([@B05])^. The prostate was divided into sextants and samples were collected as follows: two from the base, two from the middle gland, one from the left apex and one from the right apex of the gland.

In the cases where a suspicious nodule was identified, an additional puncture directed to the nodule was performed and the collected specimen was separately sent for histopathological analysis.

The procedures were perfomed on an outpatient basis, and the patients were dischaged from the radiological center about 30 minutes after the biopsy was completed.

RESULTS
=======

The study sample included 155 men aged between 44 and 87 years (mean, 68.4 years).

The prevalence of malignancy was of 53%. Suspicious nodules were detected in 34 patients ([Figures 1](#f01){ref-type="fig"} to [4](#f04){ref-type="fig"}) and 25 were malignant (positive predictive value = 74%). The specificity and sensitivity for suspicious nodules were 88% and 31%, respectively. The absence of a suspicious nodule had a negative predictive value of 51%. Among the cases of cancer detected in the specimens from suspicious nodules, three were located in the middle-transitional region (12%) and the others, in the peripheral region (88%).

![True positive prostate nodule. A: Cross-sectional image of prostate gland identifying a hypoechogenic, well delimited nodule located in the middle third of the left peripheral region, measuring 9 mm (cross-sectional axis). B: Sagittal section of the same nodule (longitudinal lenght 13 mm). Histological analysis revealed invasive acinar adenocarcinoma.](rb-48-01-0007-g01){#f01}

![True positive prostate nodule. A: Cross-sectional sonographic image of prostate gland, identifying hypoechogenic nodular area with relatively imprecise limits, located in the peripheral region of the left apex. B: Sonographic image of the same region showing a biopsy needle collecting a tissue sample of the previously identified nodule. Histological analysis revealed. an invasive acinar adenocarcinoma.](rb-48-01-0007-g02){#f02}

![False positive prostate nodule. A: Cross-sectional sonographic image of prostate gland showing hypoechogenic, relatively ill-defined nodule located in the middle third of the left peripheral region. B: Sonographic image of the same region showing the biopsy needle within the previously described nodule. Histological analysis revealed chronic nonspecific prostatitis.](rb-48-01-0007-g03){#f03}

![False positive prostate nodule. A: Cross-sectional sonographic image of prostate gland identifying hypoechogenic, homogeneous, well-defined nodule located in the right middle third of the central gland. B: Sonographic image of the same region identifying the biopsy needle within the previously described nodule. Histological analysis revealed chronic nonspecific prostatitis.](rb-48-01-0007-g04){#f04}

The specimens from suspicious nodules with malignant result (true positive) were object of comparative analysis with the most representative random sample ([Table 1](#t01){ref-type="table"}) by means of the Mann-Whitney test. The significance level for rejecting the null hypothesis was set at (α) \< 0.05. The differences in tumor percentages between the two samples were statistically significant (Z = -2.147; *p* = 0.032), and the tumor percentage was higher in the samples from suspicious nodules (72.60% *vs*. 53.40%) ([Table 2](#t02){ref-type="table"}). Also, it is important to highlight that in one of the cases neoplasia was found only in the sample from suspicious nodule ([Table 1](#t01){ref-type="table"}, case 3).

###### 

Sample characterization - true positive.

  Case   Tumor percentage in the targeted specimen   Maximum tumor percentage in the other specimens   Gleason score   Age
  ------ ------------------------------------------- ------------------------------------------------- --------------- -----
  1      50                                          10                                                7               60
  2      100                                         90                                                8               87
  3      40                                          0                                                 7               69
  4      80                                          70                                                7               76
  5      90                                          90                                                9               84
  6      90                                          85                                                9               70
  7      90                                          25                                                8               72
  8      70                                          70                                                7               63
  9      50                                          10                                                7               66
  10     80                                          60                                                9               80
  11     50                                          20                                                6               49
  12     80                                          10                                                7               76
  13     100                                         90                                                7               75
  14     90                                          80                                                6               61
  15     60                                          5                                                 7               64
  16     50                                          30                                                8               55
  17     70                                          80                                                8               78
  18     100                                         75                                                7               62
  19     80                                          80                                                8               65
  20     80                                          80                                                7               76
  21     80                                          70                                                7               65
  22     90                                          80                                                8               63
  23     90                                          50                                                7               54
  24     0                                           5                                                 7               72
  25     50                                          70                                                8               74

###### 

Tumor representation: suspicious nodule vs. random specimens.

  Group               n    Mean     Standard deviation
  ------------------- ---- -------- --------------------
  Suspicious nodule   25   72.60%   23.05
  Other specimens     25   53.40%   32.81

The Gleason score for cases detected by random samples was compared with the one for cases detected in the sample from the suspicious nodule, and, equally, the Mann-Whitney test was utilized for statistical analysis. The mean Gleason score values are slightly higher for targeted biopsies (7.44 *vs*. 7.21), although the differences are not statistically significant (Z = -1.366; *p* = 0.172) ([Table 3](#t03){ref-type="table"}). In the single case where cancer was uniquely detected in a sample from suspicious nodule, the Geason score was 7. Although this value is lower than the mean Gleason score obtained for the cases diagnosed in random specimens (7 *vs*. 7.21), the small sample size (only one case) hinders the evaluation of its statistical significance.

###### 

Gleason score.

  Gleason score        Total number of cases   
  -------------------- ----------------------- --------------------
  6                                            15
  7                                            44
  8                                            13
  9                                            8
  10                                           1
                       Mean                    Standard deviation
  Random specimens     7.21                    0.91
  Suspicious nodules   7.44                    0.82

In the cases where a sample was obtained from a suspicious nodule but the result was not malignant, the most common histological diagnosis was chronic nonspecific prostatitis (five cases). The other cases corresponded to areas of gland atrophy (three cases) or tissue considered normal (one case).

No complication requiring medical intervention or emergency care was observed in the whole series of biopsies. The most common complications reported by the patients to the urologist during consultation for discussion of the biopsies results were pain at the puncture site, haematuria, haematospermia and haematochezia in the first days after biopsy. Additionally three cases of vasovagal reaction immediately after the procedure were reported.

DISCUSSION
==========

Transrectal ultrasonography-guided prostate biopsy is a procedure that is well tolerated by patients, with low incidence of significant complications, so it should be performed whenever there is a suspicion of neoplastic lesion.

The positive predictive value for the biopsied suspicious nodules, in association with the great representation of tumor in those specimens (significantly greater than in the random specimens) and with the fact that, in one case, malignancy was found only in the specimen from a suspicious nodule, lead to the conclusion that it is important to perform a previous systematic sonographic evaluation with particular attention to the peripheral region where most prostate tumors are found.

The low sensitivity to detect nodular lesions in malignant cases (31%) and the low negative predictive value in cases of absence of nodules still remain as the main negative point in the sonographic evaluation of the prostate, so a prostate US considered normal cannot rule out biopsy in cases where it is indicated. The low rate of suspicious nodules detection by ultrasonography as compared with the neoplasias detected by the double sextant method does not allow for the adoption of only targeted biopsy of nodular lesions rather than the established approach to all prostate sextants. It is important to further investigate strategies to increase its diagnostic accuracy^([@B17])^ with methods such as Doppler, contrast-enhanced ultrasonography and elastography^([@B19])^.

In the present study the percentage of sonographically detected nodules with malignant results located in the middle-transitional region is compatible with those described in the literature^([@B12])^ and might be another point in favor of the puncture directed to suspicious nodules, since random samples are obtained more posteriorly and laterally, tending to detect a lower number of cases in this region^([@B12])^.

In the present study, no significant difference was observed between the Gleason scores for both samples and the single case detected by targeted biopsy could not be statistically compared with the other cases. In the authors\' opinion it would be important to assess these parameters in a study with a larger sample, which could analyse whether, in addition to the higher detection rate and greater representation of tumor, the method could detect neoplasias with lower mean Gleason score in targeted samples, or, on the other hand, if sonographically detected cases tend to have higher Gleason score as already reported by previous, less recent studies^([@B17])^.

According to the results of the present study and on data in the literature^([@B05],[@B16])^, it seems to be appropriate to adopt a combined biopsy strategy by collecting samples from all prostate sextants supplemented by targeted biopsy of suspicious sonographically detected lesions. Such an approach neither increases the rate of complications nor increases significantly the cost and examination time, with the already proved advantadge of allowing for greater tumor representation, and detecting some cases which otherwise would not be detected in random samples. Additionally, in the case of suspicious nodules with benign results, a diagnosis justifying increased PSA levels can be obtained. On the other hand, considering that the great majority of false negative results corresponded to areas of chronic nonspecific prostatitis, a rigorous selection of candidates to biopsy, based on recent guidelines, is equally relevant, in order to effectively exclude cases of prostatitis as cause for increase in PSA levels, thus reducing the number of negative biopsies. In the cases of persistence of increased PSA levels and suspicion of PC, where the diagnosis of prostatitis has been ruled out, it is appropriate to repeat the prostate biopsy adopting the saturation technique^([@B15])^.

CONCLUSION
==========

Transrectal prostate ultrasonography still presents low negative predicitive value in the investigation of PC. In cases where biopsy is indicated, a search for suspicious nodules should be performed previously to transrectal prostate biopsy. Whenever suspicious nodules are identified, targeted biopsy of all prostate sextants should be supplemented with biopsy of a targeted sample of the suspicious nodule. A rigorous selection of candidates do biopsy is of paramount importance in order to reduce the number of negative cases.
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